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Abstract of WO01 1 0553 

A photocatalytic material having titanium oxide 
crystals and anions X incorporated therein, which 
is prepared by at least one of a method 
comprising substituting anions X for some of the 
oxygen sites of titanium oxide crystals, a method 

comprising doping anions X between lattices of a ^ "Xj TH>M FILM 

titanium crystal and a method comprising doping /i irvwriLW 

grain boundaries of titanium oxide, or a ^1 osn SUBSTPATP 

combination of these method. The photocatalytic O ""j aiytQUPOiivni: 

material has acquired a new energy level formed 
in a band gap of titanium oxide, which results in 
its exhibition of a photocatalytic activity by 
absorbing visible lights. The photocatalytic 
material can thus exhibit a satisfactory 
photocatalytic activity under sunlight and also in a 
room with a fluorescent lamp. 
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(57) Abstract: A photocatalytic material having 
titanium oxide crystals and anions X incorporated 
therein, which is prepared by at least one of a method 
comprising substituting anions X for some of the 
oxygen sites of titanium oxide crystals, a method 
comprising doping anions X between lattices of a 
titanium crystal and a method comprising doping 
grain boundaries of titanium oxide, or a combination 
of these method. The photocatalytic material has 
acquired a new enei^ level formed in a band gap 
of titanium oxide, which results in its exhibition of a 
photocatalytic activity by absorbing visible lights. The photocatalytic material can thus exhibit a satisfactoi> photocatalytic activity 
under sunlight and also in a room with a fluorescent lamp. 



SIO> SUBSTRATE 
TK>>XRLM 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



wo 01/10553 Ai liiiiiiiiiiiiiiiiiniiiiiiuiiiiiainiiiilii 



(57) £$«J: 

Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



wo 01/10553 



m m 



PCT/JPOO/05248 



S (?55ifb* K^-'>A) , WO3 i~mit^>^:^y'» , ZnO (^YbffilS) 

3. 2 eV) (Dm-ip^s ^M^^<3 8 Onm<Dm^mzmi'^nx\^^o b>{pbs 
MF«3T-®^^m-^/^i!ll^rSt40I^]±i:l^ofc||;i^*>?,. ?^fi3 8 0 nmiiXl.O^m^ 

m^lt. 9 - 2 6 2 4 8 2-^^>$ST(is mmm\':i^.O)Mi^T±^ —izMT 

iO^tcCr (^DA) , V (/^':hi^•^7 A) ^©^JSx;^^^ >aA LT***4t5k 

i 0 2MftK®l&ftSoJgg{3bTtNSo ^4b\ Cr, V^® K-t:>;7tzoVNTtt. 
1 9 7 0 WHU^-5?Pe.^^< C7)$g^/?)SfeS3?P\ wti^cD^EST'ttRll^M-r'Offijft 
*^•qItfe{CJ^o/zi:{±bTV^^l^o iNflf¥9 -2 6 2 4 8 2 ^i&^ti. Cr, Vm 
©K-t:>^(D^^&2|^SiJ;&^©h-rs:ii:T%nj;?l^(343{tStl;ft=£Rltfei:b 

1 

Patent provided by Sughrue Mion, PLLC - http:/Awww.$ughrue.com 



wo 01/10553 PCT/JPOO/05248 

nriASo se^fefi^icijv^TJix ^mTtm^myi^T iOi^nuit^z.^ 



f^(Di^tnip 1 ■oSfc{ic:tie>®*a5^^t)'a-{cJ: fj^feS^^^Xb^tJT i -O- 

^ 3& 3te/5!!!i^^te * i^jf -r s d ^ T- ^ s o 

*:^BJ<DT i -0-X^3;fel^T> T--tyXt^B , C, P, S, CI, 
As, Se, Br, Sb, T e , I *,®{i>^.< ^ 1 -^^^tfTum* b.< (i 

2|s:^BJ®T i -0-X{::*3nNTs ^i5^ >T i iiT-^^VX^t^fb^a^jl^ 
■&A*#4'rsc:^*s|tf?ii?$)So c:ntCc):f3> T i i:XCQP^©«^^^iij:feJ:t;f:i: 

2 

Patent provided by Sughrue Mion« PLLC - http://www.sughrue.com 



wo 01/10553 PCT/JP00/D5248 

s fe> ^mmcD T i - 0 - x<DM^mmiz no 2^m^^t^ ci t ti^nrnx- 

^m^^n^f sfetooT i -o-x©j^^^si: LT(is mm^. ^^m^. 

SI {is T i -O-X©«S^J^^^N-r0T*fe-g)o 

04 (a) . 134 (b) {is mit^^ >^^m^^^rm-^&^o 

1115 (a) s 1215 (b) {is mmmmm.<Dm.WL^(D:xL^)\y^-m^ii^:^7rsrm 

06 (a) s 06 (b) {is Mi^ffi^®||Sl6?l5ai 3 ;£^x-r0T*^5o 
^ II M -r 2> «) CD g ^ CD B ^ 

^mmmm i j 

2|s:^B^#f,{i, m-i^ast^^fflv^:fem^)KSs >KS^gJS*5J:tJf)fc;^iRpt4{co 

3 

Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



wo 01/10553 PCT/JP00/0S248 

mi^&Oizit. H-J^att^^cD— S)-C-^5o FLAPW (full-potential lin 
ear i zed-augment ed-p lane-wave) ^{3j:o"C> T-^^f —^^"{h^^ >(D^MO~ 
gp<&T-:t>XT-gmbfeT iOi. 7sXo. 2s#{^i^S^<£ffl^^T^ m^^M^V'iZ 

mimm\^tz^mii^T i-0-X<D:\^m^& (density of state;DOS) T* 
feSo C<Dm'^\t. T=.7t>Xt{^X. F, N, C, B, S. P >&^ffl b> Ztl 

2. 5 e V5£3a*^^r^XffliJ{3:i-it,J:j?)S5®^^-fb^>57>®fE^^T-$)Ds 

CO T II :Rr > X ^tf I ^ T (5 iHJIt ^5: 3^11 ^ # ;t S c: ^ n 

c.n(DT-:tyx<Dmmz^^m^t'^^>(Dmi'^m(o^i[:,it. ^^>m^iz 

Mt^. otT-^>xr^(Dmi'miiLO)miz:^Azi^mLx\^^^o iii2(c. i5ib< 

4 

Patent provided by Sughrue Mlon, PLLC - http://www.sughnje.com 



wo 01/1 0553 PCT/JPOO/05248 

•^UT. Cl. As. Se. Br> Sb. Te. I(3-^^^T^)^ tt^&^m^^ 
mizmiiLifiW:&i-^o m^X. ^2©^^J:»3. T-:t>XtLX. CI. As. 
Se. Br. Sb. Te. I {30VnT Rri^^M^CDM^Jjs^ D Sfeto. 

ij^^^.-r^c:tt^m^x^^o ^<o^s(DT-:t>x(DmMii±. mmtmrn^x^tzm 
^cD^«c^-r. ^(Dm?iz^. m^^^m^-^ ^mxT-:t >xm,^Mi^^^nzw- 
&-rsj®^^. i^^^imzT-:t>xt^w-:(t'r^m-^. ^^iM±c:ti^<Dm^'ei 

t>-&<7)^^T'* J;Oo m;^->Xd^ B, C, P, S, CI, As, Se, 

Br, Sb, Te, I ^©i^^lijc^T-^ SJ-mtc^fe. -eti ^^D;^^(Dm^^i^^^- 
d :iT-. Ki 3 {i. mmmm i <D#i/5jc<£:>fN-riiiT'afe o . s i o i o ±cc. ^ 
mmmmx'&^T i-o-xmi 2*s^FM^nTl^So ciwt i - o-xmi 2 

^tZ r > X ^ K - f > 5 t._ <D f^_(D V^ -ftljiP 1 O ^ CL tl, ^ CDJA^^^i 
El 4 (a) >?^li!,. m4 (b) (CT^h^-- lfg:JM^i57 

nmzT-:t>xt^x^j2<^. T i-o-xt^mm^n^o 

5 

Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



wo 01/10553 PCT/JPOO/05248 

X. Ti-0-XM12tt. RF-7^^ht3>X^^^yi'V>^(,Z^^rnOo 
S iOzS^Sl O^XXJI^mit^^>^-yy h i^tcltT i -X. «?iJx.{ST i- 

h-rSo -^UT. K^^-V>>'N-|^lC7'^;r>XS^W-rS;t?;^ (^J^{fx SO2 + 
O2) iS7.^J^XJF^m^iS:^ ^m^«?»AUs :^>'i'yi5'U>^^ 

•r?.o ^ntCctoTS i 0 2^^51 0±(CT i - 0-XMl 2 ^Sriia-T-So ^i5> 

X>'^>y^ U >^lci;5T i-O-XMl 2(Dmmmzf^mm (T-- 

^iblzit^^>tT-7ir>xmt'^mtj^^'^^^-r%^oiz-f-^z}iifiX'^Zo 
S 1 OzStgl 0^ijn^b3G:;?)S^> T i - O -XM 1 2 ^Sfigf fcT% 

5iM®j^T'{i>&<x mni^T i-o-x^^-xiz^n^m4^m<D^'i-(>vm. 

i^\zm.m^^m^^itz^(D^^ ^inhco^^it^mizw^i^^rz^cD^^ n^m. 
ut^iyoti. Tji^^, y ^ymmm^^^^i,tc:ti(bizmm^^^^-^rz^(D. ^ 
sv>{d:citie)cr>^t^fb^ti^fflt>> '^(DMmmm<D±m$)^^^fi±-'mzT i - 
o-x^mm.\ytzm^iz%mm^n^o 
fj^^s Ti-o-xtt. ±}^(Dmm^^^^-y.t{.. ^mmn^f-i'^mms v;u 
• it^Kmm^jit'iz^Kfi'jFmrh^tt^Pimx&^o 

1115 (a) . m5 (b) iz, tfmzj:K>m^nrzmmmmm(Dmm^ (e2x 

y, e 2 z) CD:ii;fWl/=5f^-E (e V) i^W-^^^f^-to :iCX\ 0 5 (a) {i. i! 
'fb^^>$g^(c*j{t-5xy;&[6j ( C${l|{zSil;^(p]) ^cov^T^3[)^)^>DT'^ 13^ 1215 
(b) (d:z:&i£a (C|ft;5rfRi) ®*)<dt-^So 

c©^«^Mi5((DEi^gPtt. )t^PM#t4®^S^?^^4{c:^;;&-rSo Ti-0 

6 



Patent provided by Sughrue Mion, PLLC - http:/Awww.sughrue.coin 



wo 01/1 0553 PCT/JPOO/05248 

-Ns T i -0-XOV^-rtl^C:feV^-C^)^ f^^mtfimit^^ XD^tltitmVX 
qIt6-e^2)C:i:^^UTVA5o ^fe. m5 (a) t.m5 (b) <^ll^ti{pe)^ ^ib 

m^^m:^itLX$>tii£. El 5 (a) ® x y:&lPl®^PM2Nffi{c: J; ti > mm^<»J 

me (a) . (b) iz. mmmmscDms^^Tf^-To me (a) ^z^?v^T> si 
02&mi o±izT i-o-xMi 2^m^L. ^(o±jzt i OzMi 4^nm\y 

tji^o tta-h-h. mM^z^i5.\.^^^^W\l-m.t^'PU<. d-o^^ffiiT-ii T i O 2*s3g 
iUU;fe<l^$4$Ifi5&<DT i O2/T i -O-XM>5)50fiSc^n^o tJiH. Ti-O-XJi^ 

ci(D«to:feT i 02/T i -o-xM{ix m^m^Koxoi.zx^xi'^m.t^. fr\ 

^-'^f >y h hbTs T i. T i 0 2^S^^(iT i S2 (S^'fb5^^>) ^fflV^s SO 
2 + 0 2+^m>&iJ7. (#J^{^-Ar) 4'T-X>'-^>y^ U >^S^bT. T-i--0-XM;& 
JF$fife-rSo ^<7)^^ TiOzM^fSMbs («?ij^{i5 5 0'C^ 21^^) bT 

ft^-r^o ^c7)fte®Mji;^^T\ Mf4M^J&©T i O2/T i -0-XM^tf^ 

fliMilfifilotts T i -0-Xili*J<ttJ«T i 0 2fliO^®ff^f!K^CD#ft^S(3|5B 

^•r. nm%(Dii7.mwL^m:(Dmmm^izm>\:>x^^\^x%^\^o rut>%. m- 

7 

Patent provided by Sughrue MIon, PLLC - http://www.sughrue.com 



wo 01/10553 PCT/JPOO/05248 

* I- » f 

Ti-o-xtis rt^^^mus m^tmii^m^t^^mi^X'ik^o. Rim 
^^mw^tLx^miimm^^Mt^o ^zx. iii^4M^Ti0 2/'Ti-o- 

■r^t)t>x o{3^£v^T i-o-x^j^ (ti-o-xmi 2) t-rtm^ 

^PMb. «^^iE?L*^':Sf!)G^nSo cn^ttm^ScDT i O2 (T 102^1 4) 

ir^ftffl<£f#^Ch*ST'^5o T i -O-XlliiiT i 02M(^)i^7j<t*. (^M^0) ^ 
J:bi^■rs^:^ T i 02aM(D;&«oTV^S®T% oTM^&llJf^^tei: LT^ TiOa 

<l|if4*fl^©T i O2/T i-0-X^M^(i> EI6 (b) {3^^•rJ:o{3s 

m.r^z.tt^'aimx^^o 

8 

Patent provided by Sughrue Mion, PLLC - http://www.sug hrue.com 



wo 01/10553 PCT/JPOO/05248 



9 



Patent provided by Sughrue Mion. PLLC - http://www.sughrue.com 



wo 01/10553 



m ^ (o 1^ m 



PCT/JPOO/05248 



1. m<t^^>i^^ao:>mm^^ h(D-m^-r=.y^>x-^m^. mt^^>m^<D 

HUg2r:^;r>X*sB , C, P, S, CI, As, Se, Br, Sb, Te, I 



10 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.coni 



1 



J 
A 




CSj» 




20-16-12 -8 -4 0 4 8 12 



E(eV) 



1/6 



Patent provided by Sughrue Mton, PLLC - http://www.sughrue.com 



wo 01/10553 



PCT/JPOO/05248 



@2 



6 




B C N O F P S CI As Se Br Sb Te I 



2/6 

Patent provided by Sughrue Mton, PLLC - http://www.sughrue.com 



wo 01/10553 



PCT/JPOO/05248 



12 

10 ■ 



Ti-O-Xlg 



3/6 



Patent provided by Sughrue MIon, PLLC - http://www.sughrue.com 




4/6 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



US ( a ) 



PCT/JPOO/05248 




E(eV) 



^5 ( b ) 







e2z(Ti02) 

e22(N ■) 

e2z{S m« ) 




' i ? • 
' ♦ I ^ 
1 : 5 »f 
1 : J , •» 

ill 5?i 

1* iL ► ■ 


- 


il 1 


J • "Ik 

j rL. itf . . \ 






1 

: 
: 





0 5 10 15 

E(eV) 



5/6 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



wo 01/10553 



PCT/JPOO/05248 



li|6(a) 



14 
12 

10 



Ti-o-xm ^e- h+ 



1116(b) 




6/6 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.com 



I 



HBSailS** PCT/J PO 0/0 5 24 8 



A. f&m<oR-ri^m<o^ mm^m^m (i po ) 

Int.Cl.' B01J35/02 



a93lt«:tTofca/hPSS*4 (agS54#fF^^S (IPC) ) 
Int. CI.' B01J31/O0-37/36 



B*Sllfflfr«^a 1926-1996^ 

0:*:H4;sBBIIfflff3e4i« 1971-2000^ 

B:^mm^nmwin<^n 1994-2000^ 

0*Sllffl»f3e2»4^« 1996-2000^ 



S^liST?ffifflU/tS^9'— ^"<— ;^ (9*— ^"<— :^«>i6i»s, 3S2Ei::«effl bfcfflfS) 
WP I /L 

CAS Online 



C. 



P. X 



X 
A 



JP, 8-134630, A OLmnM^^) 28.5^.1996 (28.05.96) #fFff 
*<0|5ia, [00101, [00131, [00211 - [00281 (7T^y — 

JP. 11-333304, A (^PS#ttm^7^^<-r 7.12^.1999 (0 

7.12.99) , ii^3ll-3, [OOOU , [00131 - [00161 (^r^^ 
-J^Cb) 

JP, 9-75748. A (.f^mmKn^nm^m^T ijy" m^) 25. 

3^ . 1997 (25. 03. 97) , IIJ^^l, [00301 . [00321 - [00341 , 



1-5 



1-3, 5 



1-3, 5 
4 



0 CfflroiBt^titXttasjiJ^SHTv^S. 



C5 B jxfcXlK 

r&j 111— h7T« y— XiR 



30. 1 0. 



00 



21.11.00 



0*ffl1*fFit (I SA/J P) 
SffiS^ 100-8915 
«3St«5=Pft H B8HT S 4 » 3 ^ 



4 G 



9 3 4 2 



SK»#- 03-3581-1101 rt» 3 4 16 



- http://www.sughrue.com 



BBSm@$# PCT/J POO/05 248 



c m^) 



D. A 



[00511 - [00521 (^T^y-'fcb) 

EP, 997191, A (Ecodevice Laboratory Co. , Ltd et al. ) 3. 5^ . 20 
00 (03.05.00) , Claiml, lO&WO, 9823374, A, ffjft^l, 10 

EP, 818239, A (Petroleum Energy Center) 14.1.^.1998 (14.01.9 
8) &JP, 9-262482, A&WO, 097026991, A 



1-3, 5 
1-5 



://vvww.sughrue.( 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JPOO/05248 



A. CLASSIHCATION OF SUBJECT MATTER 

Int.Cl^ B01J35/02 

Ac cording to International Patent Classification (IPC) or to both nationai classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

Int-Cl^ B01J31/00-37/36 



Documentation searched other than minimmn documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Kbho 1994-2000 

Kokai Jitsuyo Shinan Koho 1971-2000 Jitsuyo Shinan Toroku Kbho 1996-2000 

Electronic data base consulted during the international search (name of data base and, wheie practicable, search terms usecQ 
WPl/li 
CAS Online 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
A 



JP, 8-134630, A (Agency of Industrial Science and 
Technology) , 

28 May, 1996 (28.05.96), 

Claims; Par. Nos. [0010], [0013], [0021] to [0028] 
(Family; none) 

JP, 11-333304, A (Kankyo Device Kenlcyusho K.K.), 
07 December, 1999 (07.12.99), 

Claims 1 to 3; Par. Nos. [0001], [0013] to [0016] 
(Family: none) 

JP, 9-75748, A (Kanagawa Academy of Science & Technology, 
et al , ) , 

25 March, 1997 (25.03.97), 

Claim 1; Par. Nos. [0030], [0032] to [0034], [0051] to 
[0052] (Family: none) 

EP, 997191, A (Ecodevice Laboratory Co., Ltd et al.)f 
03 May, 2000 (03.05.00), 
Claims 1,10 

& WO, 9823374, A, Claims 1,10 



1-5 



1-3,5 



1-3,5 
4 



1-3,5 



Further documents are listed in the continuation of Box C. Q See patent family annex. 



Special categories of cited documents: 
document defining the general state of the art which is not 
considered to be of particular relevance - — - - - 
earlier document but published on or after the international filing 
date 

''L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"CT document referring to an oral disclosure, use, exhibition or other 
means 

"P" docimient published prior to the international filing date but later 



"X" 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
imderstand the principle or theory underlying the invention — 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step When the document is 
combined With one or more other such documents, such 
combination being obvious to a person skilled in die art 

document member of the same patent family 



Date of the actual completion of the international search 
30 October, 2000 (30.10.00) 


Date of mailing of the international search report 
21 November, 2000 (21.11.00) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. « * * « > 

Patent provided by Suahrue ^ 


Authorized officer 
Telephone No. 

ion, PtLC - littp://www.suahrue.com 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JPOO/05248 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category" 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



D,A 



EP, 818239, A {Petroleum Energy Center), 

14 January, 1998 (14,01.98) 

& JP, 9-262482, A & WO, 097026991, A 



1-5 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 
□ black borders 

^ lge cut off at top, bottom or sides 



U IMA< 
□ FAD] 




FADED TEXT OR DRAWING 
<i^LURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

Z Y SCALE DOCUMENTS 
ES OR MARKS ON ORIGINAL DOCUMENT 
!ERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



